Thymomas are associated with autoantibody formation. The most common are anti-acetylcholine receptor antibodies, which correspond to myasthenia gravis (MG). Other autoantibodies, such as antistriational antibodies, can occur, but their relation to clinical syndromes is frequently uncertain. The etiology of antistriational antibodies is also poorly understood. In this case, a 61-year-old man with a history of thymoma was admitted with respiratory failure. The patient was positive for anti-acetylcholine receptor antibodies and antistriational antibodies. He developed cardiogenic shock and died within 2 days despite aggressive therapy. Laboratory studies revealed elevated cardiac enzymes and marked IgG elevation against Coxsackie A virus serotypes 9 and 24. Subclinical IgG elevations against additional Coxsackie A and Coxsackie B virus serotypes were also noted. Autopsy revealed lymphohistiocytic infiltrates with multinucleated giant cells in the myocardium and skeletal muscles, including the diaphragm. Giant cell polymyositis and myocarditis is a rare, lethal complication in patients with thymoma and MG. The pathogenesis is uncertain. An autoimmune process, possibly elicited by antistriational antibodies, has been suggested. The coexistence of antistriational antibodies and Coxsackie viral serologies has not been reported. This case may suggest that giant cell polymyositis and myocarditis in patients with thymoma and MG is a postviral autoimmune process.
INTRODUCTION
Autoantibody formation and subsequent autoimmune disease, particularly against the neuromuscular system and connective tissues, is commonly associated with thymoma (1) . It is uncertain why this phenomenon occurs, but most theories suggest that the maturation process of thymocytes in the setting of a thymoma is impaired in a fashion that predisposes to loss of self-tolerance (2) . The most commonly formed autoantibodies, anti-acetylcholine receptor antibodies, correspond to myasthenia gravis (MG). Numerous additional autoantibodies against the neuromuscular system have also been observed in the setting of thymoma and MG, including antineuronal voltage-gated potassium channel antibodies and "antistriational" antibodies (3) . Antineuronal voltage gated potassium channel antibodies can result clinically in Isaacs' Syndrome, otherwise referred to as acquired neuromyotonia, which is characterized by muscle cramps, twitching, myotonia-like symptoms, myokymia, and rarely encephalopathy (4) . Antistriational antibodies are a group of antibodies that bind to striational tissue (skeletal and cardiac muscle) proteins such as actin, myosin, titin, ryanodine receptor, and Kv1.4 (part of the alpha-subunit of muscular voltage-gated potassium channels) (3, 5) . The presence of antistriational antibodies is strongly linked with thymoma, and has been correlated with more severe cases of MG in this setting (1) . However, it is unclear why this occurs and if antistriational antibodies play a role in other clinical syndromes (2, 4, 6) . With that said, the occurrence of antistriational antibodies with polymyositis and myocarditis in patients with thymoma-associated MG has led to suggestions of shared etiopathogenesis (7, 8) .
CASE REPORT Clinical History
A 61-year-old man with a past medical history of metastatic thymoma was admitted as a transfer from an outside facility with fever, acute respiratory failure, and elevated cardiac enzymes. He was diagnosed with invasive thymoma (WHO B2 subtype) 2 years prior to presentation, being status-post thymectomy and resection of pulmonary (left upper lobe) and pleural metastases, and was on chemotherapy (Napabucasin and Paclitaxel, 1 cycle). Residual tumor was known to be present seeding the left pleura. The patient was also known to have developed anti-acetylcholine receptor antibodies causing MG, antivoltage-gated potassium channel antibodies causing Isaacs' syndrome, and antistriational antibodies.
Cardiac catheterization was performed at the referring hospital and was negative for clinically significant coronary artery disease. Upon arrival, the patient was initially admitted to the general medical wards but quickly developed increased difficulty breathing, necessitating transfer to the intensive care unit. A computed tomography scan of the chest was negative for evidence of pulmonary emboli or consolidation. After this, a diagnosis of myasthenic crisis was strongly suspected, owing to the patient's history of thymoma and positive antiacetylcholine receptor antibodies. An edrophonium challenge was attempted in order to support the diagnostic suspicion, but this was complicated by gastrointestinal distress from the edrophonium and evaluation could not be reliably performed. Nonetheless, the patient was started on plasma exchange and intravenous methylprednisone for treatment. However, the patient's cardiac enzymes and B-type natriuretic peptide were increasingly elevated and this was not felt to be compatible with myasthenic crisis. This prompted further cardiologic assessment. Echocardiogram did not reveal clinically significant findings. Electrocardiogram consistently showed sinus tachycardia with premature ventricular complexes in a pattern of bigeminy. At this point, myocarditis became of concern and viral serologic studies were initiated. Unfortunately, over the course of one day, the patient developed severe cardiogenic shock complicated by numerous arrhythmic events. Resuscitation efforts eventually failed to maintain hemodynamic stability and the patient died.
Results for Coxsackie viral serology testing performed during admission but obtained after death (Table) 
PATHOLOGIC FINDINGS
Postmortem examination revealed evidence of prior thymectomy and left upper lobectomy, as well as left-sided parietal-and visceral-pleural mass lesions which were histologically confirmed to represent residual invasive type B2 thymoma (Fig. 1A) . The heart was enlarged (weight: 470 g, expected weight for body length and gender: 361 6 40 g). The myocardium was notably softened and diffusely dusky-brown in coloration. Histologically, sections of the myocardium from the left ventricle, right ventricle, and interventricular septum revealed a patchy but widespread inflammatory infiltrate consisting of lymphocytes, histiocytes and scattered multinucleated giant cells (Fig. 1B, C) . Examination of diaphragmatic (Fig. 1D), laryngeal (Fig. 1E) , and iliopsoas (Fig. 1F) skeletal muscles revealed an identical inflammatory infiltrate. Immunohistochemical stains were performed sections of the myocardium and revealed that the large majority of the lymphocyte population was composed of CD3 positive T-lymphocytes ( Fig. 2A) . The majority (approximately 80%) of the CD3 positive T-lymphocytes were CD8 positive (Fig. 2B) . Immunohistochemical staining for CD4 highlighted only a small subpopulation of lymphocytes. CD20 immunohistochemistry staining did not readily identify B-lymphocytes in the inflammatory infiltrate (Fig. 2C) . CD68 immunohistochemical staining showed that the majority of the mononuclear inflammatory infiltrate consisted of histiocytes (Fig. 2D) . The multinucleated giant cells were also positive for CD68, and negative for desmin ( Fig. 2E and F, respectively) , indicating histiocytic origin. It was concluded that the patient's clinical signs, symptoms, and death occurred as a result giant cell myocarditis and giant cell polymyositis involving the diaphragm.
DISCUSSION
Giant cell polymyositis and myocarditis is a rare complication of thymoma-driven MG, with less than 20 autopsy cases in the literature (9) (10) (11) (12) . It is unclear why patients with thymoma and MG tend to develop this muscular disease. However, it has been suggested that giant cell myocarditis is an autoimmune process because it has been documented to occur in association with other autoimmune diseases such as inflammatory bowel disease, systemic lupus erythematosus, pernicious anemia, and drug hypersensitivity (13) (14) (15) (16) . Recently, autoantibodies to striational proteins including titin, ryanodine receptor, and muscular voltage-gated potassium channels (Kv1.4), which are also commonly present in MG patients with late-onset thymoma, have been implicated (3, 8, 17) . Positive antistriational antibodies were noted in our patient's medical history.
Interestingly, the patient in this case also had markedly elevated IgG serology for Coxsackie A viral serotypes 9 and 24 and subclinical elevations of numerous additional Coxsackie viral serotypes of both A and B. Coxsackie viral infections, most commonly B serotypes, can cause both myocarditis and myositis. However, the histopathology of Coxsackie viral myocarditis and myositis is typically characterized by lymphocytic mononuclear infiltrates, without multinuclear giant cells. Also, the elevated IgG antibodies in the absence of IgM antibodies observed in this case are indicative past infection as opposed to active. Thus, the polymyositis and myocarditis were likely not a sole, direct consequence of primary infection. On the other hand, Coxsackie B3 viral infections have been associated with the development of muscle reactive and/or heart-specific autoantibodies (antisarcolemmal and anti-cardiac myosin antigens) (18) . The phenomenon of giant cell polymyositis and myocarditis in the setting of thymoma and MG may therefore be a postviral autoimmune process in which antiviral antibodies cross react with antigens in striated muscle. A small number of cases of giant cell myocarditis associated with Coxsackie B viral serotypes (in the absence of thymoma and MG) have been reported in the literature (19, 20) , but these cases do not report antistriational serologic studies. Here we report the first case of 
CONCLUSIONS
Giant cell polymyositis and myocarditis is a rare complication of thymoma-driven MG, with less than 20 autopsy cases in the literature. It is important to consider this diagnosis in patients with thymoma, particularly when they develop signs and symptoms that are unusual and that cannot be easily explained by classical MG. It is uncertain why patients with thymoma and MG tend to develop this muscular disease, however autoantibodies to striational proteins including titin, ryanodine receptor, and voltage-gated potassium channels (Kv1.4), commonly present in MG patients with thymoma, have been implicated. Our case, in which a thymoma patient dies of this complication and is concomitantly noted to have positive Coxsackie viral titers, suggests the possibility that it may be a postviral autoimmune phenomenon.
